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Abstract 
 
This study examined whether the conspicuity of road workers at night can be enhanced by 
distributing retroreflective strips across the body to present a pattern of biological motion 
(biomotion). Twenty visually normal drivers (mean age = 40.3 years) participated in an 
experiment conducted at two open-road work sites (one suburban and one freeway) at night-
time. At each site, four road workers walked in place wearing a standard road worker night 
vest either a) alone,  b) with additional retroreflective strips on thighs, c) with additional 
retroreflective strips on ankles and knees, or d) with additional retroreflective strips on eight 
moveable joints (full biomotion).  Participants, seated in stationary vehicles at three different 
distances (80 m, 160 m, 240 m), rated the relative conspicuity of the four road workers. Road 
worker conspicuity was maximized by the full biomotion configuration at all distances and at 
both sites. The addition of ankle and knee markings also provided significant benefits relative 
to the standard vest alone. The effects of clothing configuration were more evident at the 
freeway site and at shorter distances. Overall, the full biomotion configuration was ranked to 
be most conspicuous and the vest least conspicuous. These data provide the first evidence 
that biomotion effectively enhances conspicuity of road workers at open-road work sites.   
 
 
Key words:  Visibility, Clothing, Road Workers, Biomotion
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1. Introduction 
 
Collisions between vehicles and pedestrians represent a significant road safety 
problem. Importantly, crashes between vehicles and pedestrians are overrepresented at night, 
with pedestrians being up to seven times more likely to be involved in a fatal collision at 
night than in the day (Sullivan and Flannagan, 2002). This may be particularly problematic at 
road work sites, which place road workers in a highly vulnerable position with respect to 
oncoming traffic.  In the USA, over the 1995 to 2002 period, 844 workers were killed while 
working at a road construction site, and in more than half of these fatalities the road worker 
was struck by a vehicle or mobile equipment (Pegula, 2004). Fatal crash data demonstrate 
that night-time construction is five times more hazardous than daytime construction (Arditi, 
Lee and Polat, 2007). There is evidence that visibility and conspicuity issues may be key 
causative factors; analyses of crash databases have shown that the frequency of crashes 
involving pedestrians at night is modulated both by the annual solar cycle and by daylight 
savings transitions, which are independent of the effects of either alcohol (either consumed 
by the driver or the pedestrian) or fatigue (Owens and Sivak, 1996; Sullivan and Flannagan, 
2002). This suggests that at night, drivers are often unable to recognize and respond to 
pedestrians from a safe distance (Rumar, 1990).  
A variety of approaches have been used to make pedestrians more conspicuous to 
drivers at night, including evolving vehicle and roadway lighting technologies, for example, 
adaptive headlights, far and near infrared night vision systems, (Mahlke et al., 2007; Rumar, 
2002; Schreuder, 1998; Sivak, Flanagan, Schoettle and Nakata, 2001). An alternative (and 
complementary) approach is for pedestrians to enhance their conspicuity by wearing clothing 
designs that take advantage of drivers’ perceptual capacity to recognize the unique patterns of 
motion that characterize  normal human gait, known as biological motion (or biomotion). 
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Johansson (1973), was the first to systematically explore human visual sensitivity to 
biological motion. He showed observers films of actors wearing points of light on their major 
joints (ankles, knees, waist, shoulders, elbows, wrists) while they made a series of natural 
movements within a darkened environment. Although only the tiny light points were visible 
in Johansson’s films, observers could recognize a walking human form in displays as brief as 
100–200 ms. Later research by Johansson and others confirmed that patterns of human 
motion are rich sources of information to which the human visual system is particularly 
attuned (Cutting and Kozlowski, 1977; Johansson, 1975; Pollick, Lestou, Ryu and Cho, 2002; 
Runeson and Frykolm, 1981, 1983). Based only on the motion information available in point-
light displays, observers can quickly recognize an actor’s gender and emotions as well as the 
identity of their friends and the weight of unseen objects that are lifted by the actor (see Blake 
and Shiffrar, 2007 for a review of the literature). Researchers have also begun to identify the 
neural mechanisms involved in the perception of biomotion (Grossman et al., 2000; 
Grossman, Battelli and Pascual-Leone, 2005). Meanwhile, there has been interest in 
capitalizing on our perceptual sensitivity to biomotion in order to enhance drivers’ ability to 
recognize pedestrians (including road workers), from a safe distance at night (Balk, Tyrrell, 
Brooks and Carpenter, 2008; Blomberg, Hale and Preusser, 1986; Luoma and Penttinen, 
1998; Luoma, Schumann and Traube, 1996; Owens, Antonoff and Francis, 1994; Sayer and 
Mefford, 2004; Tyrrell et al., 2009; Wood, Tyrrell and Carberry, 2005).  
While retroreflective materials (which are designed to reflect light back in the 
direction of its source) have long been used to add visual contrast to pedestrians, these 
materials are most commonly attached to the pedestrian’s torso (see Tuttle, Sayer and 
Buonarosa, 2009 for some examples). However, retroreflective vests that have markings only 
on the torso exhibit relatively little motion during normal movements made by road workers.  
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Emerging research by our group and others has demonstrated that pedestrians are 
even more conspicuous to drivers at night when retroreflective material is attached to the 
pedestrian’s major moveable joints (Balk et al., 2008; Blomberg et al., 1986; Luoma and 
Penttinen, 1998; Luoma et al., 1996; Owens et al., 1994; Sayer and Mefford, 2004; Tyrrell et 
al., 2009; Wood et al., 2005). Using a variety of methods (laboratory-based videos and closed 
and open-road evaluations), these studies have demonstrated that retroreflective strips 
positioned in the full biomotion pattern provide substantial advantages for improving 
pedestrian visibility, which result more from the pedestrian’s motion than from highlighting 
the pedestrian’s form (Balk et al., 2008).  In the study by Wood et al. (2005), for example, 
drivers using low beams on a closed road responded to a pedestrian walking while wearing 
biomotion markers at a distance that was 3.4 times greater than when the same pedestrian 
wore a vest that included an equal amount of retroreflective material to that of the biomotion 
condition. These findings indicated that it is the configuration and not the amount of 
retroreflective material that underlies pedestrian conspicuity. The visibility advantages of 
biomotion configurations have also been shown to be robust to the effects of driver age 
(Owens, Wood and Owens, 2007; Wood et al., 2005) and visual clutter surrounding the 
pedestrian (Tyrrell et al., 2009).   
The purpose of this study was to establish whether biomotion retroreflective markings 
have the potential to increase the conspicuity of road workers who are positioned within 
open-road work sites. It is particularly imperative to improve the conspicuity of road workers, 
as traffic crashes at road-work sites are unduly prevalent, particularly at night (Arditi et al., 
2007; Pegula, 2004). On one hand, it seems intuitive that conspicuity aids such as biomotion 
may be beneficial in such situations, given their demonstrated effectiveness to make 
pedestrians in general more conspicuous. On the other hand, road work sites are visually 
complex environments, and can involve temporary and complex alterations in traffic patterns, 
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signage, and lighting. This added complexity could potentially alter the value of conspicuity 
aids such as retroreflective markings. While earlier studies suggest that biomotion can be 
used to enhance the conspicuity of pedestrians, to our knowledge none of these studies have 
taken place in the context of work zones. The current research was undertaken under in-
traffic conditions at two road work sites (one suburban and one freeway). We sought to field-
test the value of strategically adding retroreflective markings to those that are already present 
in standard vests by determining drivers’ subjective ratings of the relative conspicuity of road 
workers wearing a range of different clothing options.  
 
2. Method 
 
2.1. Participants 
Twenty volunteers (13 males, 7 females) participated in this study (mean age = 40.3± 
15.6 years; range 22-69 years).  All participants were licensed drivers and reported that they 
drove regularly. All participants passed the minimum Australian drivers’ licensing criteria for 
binocular visual acuity of 6/12 (20/40) or better, and wore the optical correction they would 
normally wear while driving, if any.   
The study was approved by the Queensland University of Technology Human 
Research Ethics Committee. All participants were given a full explanation of the 
experimental procedures and written informed consent was obtained, with the option to 
withdraw from the study at any time.  
 
2.2. Road Work Sites 
The experiment was conducted over two evenings at two separate road work sites. 
One site was evaluated per evening. Road surfaces were completely dry during data 
collection which began at least 60 minutes after sunset. 
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2.2.1. Suburban Site. The first road work site was situated in a built-up, suburban 
environment.  The road environment consisted of a two-way road with three lanes in each 
direction, with a normal speed limit of 60 km/h and with an additional shoulder (on the 
passenger side of the vehicle).  Overhead lighting was present in the form of streetlamps, 
along with additional ambient light sources including shops, restaurants, advertising 
billboards and the headlamp beams from passing and oncoming traffic.  The average ambient 
illumination at this site was approximately 17 lx (excluding direct illumination from passing 
vehicles). A 1.1km section of the road was used to replicate a real road work site, of which 
only the final 240m was used by the research team.  The initial 860m section of road featured 
all relevant and appropriate signage, safety devices (barrier trucks, variable message signs, 
illuminated flashing arrow signs, retro-reflective traffic calming devices – bollards, witches 
hats), as determined by the Department of Main Roads/RoadTek and as dictated by Part 3 of 
the Manual of Uniform Traffic Control Devices (Queensland Government, 2001).  The four 
road workers wearing the different clothing configurations to be evaluated were positioned at 
the work site, with the observational vehicles parked at 80m, 160m and 240m from that point 
with their engines running and low beam headlamps on.  These distances were selected to 
represent key distances at which approaching drivers might recognize that a road worker was 
present, with 240m representing the longest distance at which road workers wearing 
reflective strips in a full biomotion configuration have been detected in previous closed road 
studies (Tyrrell et al., 2009; Wood et al., 2005). The 80 m and 160 m distances represent a 
middle and a relatively short distance where timely recognition of a pedestrian would be 
imperative.  At a speed of 60 km/hr these distances would allow roughly 5 and 10 seconds 
respectively before reaching the road worker (the same distance would correspond to 3 and 6 
seconds at 100 km/hr, or 4 and 7 seconds at 80 km/hr). The section of road selected for the 
study was relatively straight and flat, with only a slight dip in the middle, such that the 
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vehicles at the 80 m and 160 m points were situated at a lower elevation than the road 
workers (maximum inclination of this slope was <1%).  The vehicle at 240 m and the road 
workers were at the same level relative to one another.  Each of the observational vehicles 
(2008 Holden Commodore Omega Station Wagons) were positioned such that their low beam 
headlights directly illuminated all four road workers, and were offset from each other to 
prevent any of the vehicles obstructing the headlamps of one another and to allow optimal 
viewing of the road workers by all participants. 
 
2.2.2. Freeway Site. The second road work site was situated along a relatively straight 
section of high speed (normally 80 km/h) motorway.  The road environment consisted of a 
two-lane stretch of the northbound half of a four-lane motorway, with two lanes in each 
direction separated by a 6 m-wide grassed median strip, with a 2 m-wide shoulder on the 
passenger side of the vehicle.  No overhead lighting was present and minimal ambient light 
fell on the road work site apart from that generated by oncoming and passing vehicle 
headlamps; average ambient illumination at this site was approximately 1.7 lx when no traffic 
was present.  A 1.2 km section of the road was used to simulate a real road work site, only the 
final 240 m section of the simulated road work site was utilized by the research team and 
participants.  Again the 960 m section of road prior to the testing site featured all relevant and 
appropriate signage, safety devices and traffic calming equipment (barrier trucks, variable 
message signs, illuminated flashing arrow signs, retro-reflective traffic calming devices – 
bollards, witches hats) as determined by the Department of Main Roads/RoadTek 
(Queensland Government, 2001). The road workers were positioned at the work site, with 
observational vehicles again positioned at 80, 160 and 240 m intervals from the road workers.  
The road at this point sloped slightly upwards (maximum slope less than 1%) so that the road 
workers were marginally higher than the observational vehicles to allow optimal viewing of 
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the road workers by participants.  The road also featured a slight curve to the right when seen 
from the observers’ point of view. To compensate for this, each observational vehicle was 
positioned so as to facilitate a clear view of the road workers, and all vehicles were oriented 
such that their low beam headlamps faced and illuminated all four of the road workers.  
At both road work sites, the four road workers were laterally separated by 1 m from 
each other and at least 1.2 m from the retroreflective cones demarcating the border of the 
closed lane.  Both road work sites used signage and traffic controllers to limit passing vehicle 
speeds to 40 km/h. 
 
2.3. Road Worker Clothing  
The four road workers wore one of four different clothing configurations which consisted of 
the standard road worker vest either alone, or in combination with additional retroreflective 
markings (as described below). The standard road worker vest conformed to the 
Australian/New Zealand Standard (High Visibility Safety Garments) AS/NZS 4602:1999 
(Standards Australia, 1999) as a Class D/N garment, indicating that it is recommended for use 
under both day and night-time conditions. The garment consisted of a fluorescent orange 
long-sleeve shirt and navy blue work pants.  A fluorescent orange vest was worn over the 
shirt. The vest featured standard silver retroreflective strips, 50 mm wide on the chest and 
shoulders (two horizontal strips on the chest and one vertical strip on each shoulder).  The 
retroreflective strips comprised silver Scotchlite® 8910 fabric (3M) which were sewn on to 
the standard clothing as illustrated in Figure 1. The four clothing configurations were 
designated as: standard, thigh, ankle & knee and full biological motion (full biomotion) and 
each road worker wore the same clothing configuration for all trials at both road work sites.   
2.3.1. Standard: The road worker wore the standard road worker outfit as described 
above. 
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2.3.2. Thigh: The Thigh condition consisted of the Standard D/N Reflective Vest, with 
the addition of retroreflective strips placed midway around each thigh, halfway between the 
hip and knee joints. This configuration represents a modification of Appendix A of the 
Australian/New Zealand Standard (High Visibility Safety Garments) AS/NZS 4602:1999 
(Standards Australia, 1999), which includes the recommended use of retroreflective strips on 
the legs. This configuration was chosen as it represents a commonly worn outfit by road 
workers at night. 
2.3.3. Ankle & Knee: In the Ankle & Knee condition, the road workers wore the 
Standard D/N Reflective Vest, with the addition of retroreflective strips positioned around 
both the ankle and knee joints. This configuration was included due to its greater convenience 
(relative to the full biomotion configuration) and because previous research (e.g., Balk, et al., 
2008) has suggested that this configuration can be nearly as conspicuous as the full biomotion 
configuration. 
2.3.4. Full Biomotion: The Full Biomotion condition consisted of the Standard D/N 
Reflective Vest with the addition of retroreflective strips positioned around the elbow, wrist, 
ankle and knee joints of the road worker.   
 
The order (from left to right) in which the road workers appeared to the participants was 
randomized between distances and sites using an incomplete Latin Square design in order to 
avoid any order effects from influencing the participants’ judgments. 
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2.4. Conspicuity Judgment Questionnaire  
For each of the three distances at which judgments were made, three items were completed 
by participants: 
  
“At this distance, it is obvious to me that this is a person”  
“At this distance, I would always recognize that this is a person” and  
 “If I were driving toward this scene I would immediately know that this is a person”.   
 
These questions were designed to assess recognition of the road worker as a person, in 
contrast to simply detecting a stimulus being present at different distances.  While road 
workers may well be detected at long distances, it is only when they are recognized (as 
people) that oncoming drivers are likely to monitor his or her changing position relative to 
the vehicle’s,  in order to prepare to take appropriate evasive action and/or to slow down. 
Participants indicated their level of agreement with each statement by placing a cross on a  
100 mm visual analog scale with the following anchors:  “strongly disagree” (0 mm), 
“disagree” (25mm), “neither agree or disagree” (50 mm), “agree” (75 mm), and “strongly 
agree” (100mm).  Therefore, although participants could indicate their level of agreement at 
any point on the 100 mm scale, the anchors provide us with a better understanding of the 
meaning of their responses.  Participants provided responses to the three questions for each 
road worker.  These three positions were then averaged to create an overall conspicuity score. 
In order to determine the internal consistency of the three-item conspicuity scale, Cronbach 
Alphas were calculated across the 20 participants at each measurement occasion (24 in total 
across the three independent variables).  The average Cronbach Alpha for the scale across 
measurement occasions was .88, which is high for a scale composed of only 3 items.   
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 In addition, participants ranked the four clothing outfits for overall conspicuity, with 
values ranging from “1” (most conspicuous or most easily recognizable as a person) to “4” 
(least conspicuous). 
 
2.5. Procedures 
The twenty participants were run in groups of three or four. Participants were transported to 
and from each of the road work sites in a minibus driven by an experimenter.  Upon arrival at 
each site, all participants were issued a standard retroreflective safety vest and were then 
given a brief safety introduction by a Main Roads/RoadTek Workplace Health and Safety 
Advisor.  
Participants were randomly assigned to an observational vehicle at a specific distance (80 
m, 160m and 240 m) and once the ratings had been completed by all participants at a given 
distance they were led to the next vehicle, following a pre-determined randomized order. 
While making their ratings, the participants viewed all four of the road workers at the same 
time. Road workers walked in place and faced the observational vehicles for the duration of 
each rating session.  Participants sat in the front and rear passenger seats of the observational 
vehicles while responding to the items and made their ratings independently; they were not 
allowed to confer with the other participants at any time during the experiment.  A rear seat 
observation was included as well as the front seat because it allowed testing of 
more participants at a time. Participants always had a full and unimpeded view of the full 
work zone (including all road workers) and in pilot trials we showed that seating position did 
not impact the subjective ratings. For experimental consistency we also ensured that 
participants were always seated in the same position in the vehicle for all runs, so their 
relative ratings were always from exactly the same perspective.  
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 Where there were groups of four participants, the researcher stood outside the vehicle 
to give his/her instructions, allowing the extra participant to sit in the driver’s seat.   
 
3. Results 
3.1. Overall Rankings 
The conspicuity rankings were highly consistent among participants and across test sites and 
response distances. Overall, participants consistently ranked the Full Biomotion configuration 
to be most conspicuous (95% of participants at the suburban work site and 95% at the 
freeway site), followed by the Ankle & Knee configuration (ranked second by 90% and 95% 
of participants respectively), then the Thigh configuration (ranked third by 95% and 95% of 
participants respectively), and the Standard configuration least visible (ranked least visible by 
100% of participants at each of the sites).  
 
3.2. Conspicuity Ratings 
A three-way repeated-measures ANOVA was conducted on the conspicuity ratings with the 
factors of work site (Suburban versus Freeway), distance (80 m, 160 m, 240 m) and clothing 
(Standard, Thigh, Ankle & Knee, and Full Biomotion). The analysis revealed a significant 
main effect of clothing, F(3,57) = 98.02, p <.001, partial  η2 =0.84. Conspicuity ratings were 
highest for Full Biomotion (mean rating = 74.57), followed by the Ankle & Knee 
configuration (mean = 69.12), the Thigh configuration (mean = 53.08), and lastly the 
Standard configuration (mean rating = 36.54); all differences significant at p < .001. There 
was also a main effect of Distance, F(2,38) =  39.55, p <.001, partial  η2 =0.68.  Conspicuity 
ratings declined significantly as distance increased (all differences significant, p < .001).  
There was no main effect of work site, F(1,19) = 0.057, p = .814, partial  η2 =0.00. 
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There was a significant interaction between site and clothing, F(3,57) =  21.58, p 
<.001, partial  η2 =.53.  At both sites, conspicuity ratings were highest for Full Biomotion, 
followed by the Ankle & Knee configuration, the Thigh configuration, and lastly the 
Standard configuration (all differences significant at p ≤ .034), however the differences 
among the clothing configurations were larger at the freeway site than at the suburban site. 
There was also a significant interaction between clothing and distance, F(6,114) =  4.08, p= 
.001, partial  η2  =.18. At all distances, conspicuity ratings were highest for Full Biomotion, 
followed by the Ankle & Knee configuration, the Thigh configuration, and lastly the 
Standard configuration (all differences significant at p ≤ .013), however, the differences 
among configurations were weaker at the longest distance. There was also a significant 
interaction between site and distance, F(2,38) =  9.15, p <.001, partial  η2 =.33.  At both sites, 
the conspicuity of road workers decreased as distance increased (all differences significant at 
p ≤ .01), but this effect was significantly greater at the suburban site. 
In addition, there was a significant three-way interaction between the factors, F(6,114) 
=  2.66, p = .019, partial  η2 =.12. This interaction was smaller in effect size, and resulted 
primarily from the differences in conspicuity ratings among clothing configurations being 
smaller when the raters were at the suburban site and particularly so at the farthest viewing 
distance. As can be seen in Figure 2, at both sites, and at all distances, the conspicuity ratings 
were highest for Full Biomotion, followed by the Ankle & Knee configuration, the Thigh 
configuration, and lastly the Standard configuration.  At the freeway site all differences were 
significant except for the difference between the Full Biomotion and the Ankle and Knee 
configuration at 160m (p = .057). At the suburban site, however, the differences were 
considerably weaker at the longest distance, such that only the Standard configuration 
differed significantly from the others. At the shorter distances all clothing configurations 
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differed significantly from one another with the exception of the difference between the Full 
Biomotion and the Ankle & Knee configurations at 160m (p = .304). 
 
4. Discussion 
 
The most important finding of this study is confirmation that clothing configurations 
which facilitate the perception of biological motion have significant benefits at work zones. 
Adding retroreflective strips in the full biomotion configuration to the standard road worker 
vest consistently maximized the participants’ ratings of road worker conspicuity compared to 
the standard night-time configurations currently worn by road workers, including both the 
standard vest alone, and the standard vest in combination with the thigh retroreflective 
markings. These conspicuity benefits were evident at all tested distances and at both the 
suburban and freeway work zones. Further, 95% of the participants ranked the full biomotion 
configuration as being the most conspicuous configuration overall and 100% of the 
participants ranked the vest condition as being least conspicuous. 
Together, these findings provide strong evidence that road workers’ conspicuity is 
maximized when they wear retroreflective materials in the full biomotion configuration in 
addition to a standard vest. In the full biomotion configuration road workers are thus more 
likely to be recognized as people than when wearing the standard vest alone, or the vest along 
with retroreflective thigh markings. If a road worker is conspicuous as a person, rather than 
simply visible as a target, this draws drivers’ attention and hence fixation towards them, 
allowing them to better predict, and hence avoid a potential conflict. 
Adding retroreflective markings around the ankles and knees of a road worker 
wearing the standard vest also provided significant conspicuity benefits. At the suburban site, 
the ratings of relative conspicuity for the ankle & knee and full biomotion configurations 
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were in general superior, but not significantly different from one another at the longer 
distances. The mean rating of both of these clothing configurations was 75 or greater on the 
100 point scale for both sites at all but the longest distance, indicating that the participants 
were largely in agreement that when wearing these clothing configurations the road workers 
were recognizable as people.  Importantly, the ankle and knees configuration is both 
conspicuous and convenient. It adds only a minimal amount of retroreflective material and 
yet provides a substantial and significant conspicuity advantage. If adding the full biomotion 
configuration to the standard vest proved to be impractical in some circumstances, (perhaps 
due to resistance from workers, or limitations in terms of motion or comfort), then the ankle 
and wrists configuration may provide a favorable balance between conspicuity and 
convenience.  
In the present study the full biomotion configuration included the largest amount of 
retroreflective material; this was unavoidable as the study was intentionally designed to test 
the conspicuity benefits of adding strategically configured reflective markings to the standard 
vest configuration. It is thus possible that the total amount of reflective material, irrespective 
of its location on the body, may have influenced the degree to which participants rated the 
road workers to be conspicuous. However, in our previous studies we have repeatedly 
demonstrated that the configuration of the retroreflective material greatly affects conspicuity 
even when retroreflective surface area is held constant (e.g., Balk, et al., 2008; Tyrrell, et al., 
2009; Wood, et al., 2005). Thus we believe that it is not the amount of retroreflective tape 
worn by pedestrians that is important for recognition at night, but rather, the configuration of 
that tape.  Indeed, when the tape is distributed in one large area, such as a retroreflective vest, 
oncoming drivers detect that “something” is present, but do not reliably identify the stimulus 
as a person (Owens et al., 2007; Wood et al., 2005).  Importantly, pedestrian conspicuity is 
greater when the pedestrian is walking than when standing still, and this difference is 
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accentuated by placing retroreflective markings on the pedestrian’s extremities. Indeed, our 
participants reported anecdotally that the ‘human-like’ way in which the retroreflective 
markers appeared to move was the key to enabling them to recognize that a road worker was 
present. Biomotion configurations have been shown to enhance the conspicuity of stationary 
pedestrians, albeit to a smaller extent than for moving pedestrians (Balk, et al., 2008), but this 
effect has not yet been tested in the context of road workers. 
It should be noted that although the participants’ conspicuity ratings followed 
somewhat similar patterns at both the suburban and freeway sites, there were subtle 
differences as a function of test site, clothing condition, and viewing distance. For example, 
while for both sites the conspicuity ratings of road workers being recognized as people 
declined as distance increased, this effect was greater at the suburban than the freeway site. 
This suggests that at suburban sites, which have relatively high levels of ambient lighting, 
and also high levels of visual complexity involving other lighting sources (e.g., shops, 
advertisements, crossing traffic) and pedestrian traffic, recognition of the presence of a road 
worker as a person is more challenging. It is thus important that road workers are mindful of 
this fact and behave accordingly when they are working in these situations. In addition, the 
standard vest was rated as less conspicuous in the freeway setting than in the suburban 
setting. This is important given that the higher speeds typical of freeways add danger and 
demand additional time and distance for drivers to respond to unexpected events. Fortunately, 
the interaction between site and clothing indicated that the conspicuity benefits of biomotion 
were greater at the freeway site than at the suburban site. Thus biomotion can compensate for 
the reduced conspicuity of road workers on freeways. These differences in the patterns of 
results between work sites underscore the importance of undertaking studies at real-world 
road work sites, such as the ones included in this study, as closed road studies may not 
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always adequately reflect the complexity, surrounding activity, and the driving demands that 
are typically encountered at work sites.  
Collectively, these data provide the first evidence that the conspicuity benefits of 
biomotion markings generalize to open-road work zones. It is important, however, to be 
aware that these data describe judgments of relative conspicuity (not response distances) and 
it is imperative that this study be followed up by future studies of the behavior of unalerted 
drivers as they approach work zones.  
In conclusion, adding retroreflective strips in a biomotion configuration to road 
workers who are wearing a standard reflective vest results in road workers being significantly 
more conspicuous to approaching drivers. This technique has the potential to be an affordable 
and convenient way to provide a sizeable safety benefit. It does not involve modifications to 
vehicles, drivers, or infrastructure. Instead, adding biomotion markings to standard vests can 
enhance the nighttime conspicuity of roadway workers by capitalizing on perceptual 
capabilities that have already been well documented. Importantly, adding reflective strips 
either to the ankles or knees or in the full biomotion configuration has the potential to 
improve nighttime conspicuity of all pedestrians (Balk et al., 2008; Blomberg et al., 1986; 
Luoma and Penttinen, 1998; Luoma et al., 1996; Owens et al., 1994; Sayer and Mefford, 
2004; Tyrrell et al., 2009; Wood et al., 2005), not only those involved in road work 
construction sites.  
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 Figure 1. Schematic diagram of the four road worker clothing configurations.  
FIGURE 1 
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Figure 2.  Mean visibility ratings as a function of road worker clothing configurations for three viewing distances and at the suburban (left) and 
freeway (right) sites. 
 
 
 
 
